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Abstract 

Eugenia involucrata DC. (Myrtaceae, Myrteae), cereza de monte, cerejeira, is a subtropi-

cal species that inhabits Argentina, Brazil, Bolivia, Paraguay, and Uruguay. However, 

Uruguayan collections are scarce, and floristic reports indicate that its occurrence is spo-

radic, and the species has been categorized as a priority for conservation due to its rarity. 

This species produces edible fleshy fruits with excellent organoleptic and nutraceutical 

properties, positioning it as a native fruit with high potential in regional fruit-growing pro-

grams. The objective of this study is to verify the presence of Eugenia involucrata in Uru-

guay and to evaluate the morphological variability within the species’ southernmost distri-

bution area. The Cuareim river basin was explored, and flowering herbarium specimens 

and fruit samples from identified populations were collected for morphological analysis. 

Descriptive measurements were obtained, and multivariate statistical analyses were con-

ducted for 7 leaf variables, 19 flower variables, and 7 fruit variables. The results indicate 

low interpopulation variability at the southern edge of its distribution, although some mor-

phological characteristics and phenological data distinguish these populations from those 

in other areas. The identified populations show a promising scenario for reproductive 

success and gene flow in the area, while also representing a native phytogenetic resource 

with unique characteristics that could be valuable for incorporation into fruit production 

systems. 
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Mapeo de poblaciones y variabilidad morfológica de Eugenia involucrata 
(Myrtaceae, Myrteae) en Uruguay 

Resumen 

Eugenia involucrata DC. (Myrtaceae, Myrteae), cereza de monte, cerejeira, es una especie subtropical que habita en 

Argentina, Brasil, Bolivia, Paraguay y Uruguay. Las colectas uruguayas son escasas, los reportes florísticos indican una 

ocurrencia esporádica y fue categorizada como especie prioritaria para la conservación por su rara presencia. Posee 

frutos carnosos comestibles, con muy buenas condiciones organolépticas y nutracéuticas que la han posicionado como 

una especie frutal nativa de alto potencial en programas frutícolas de la región. El objetivo de este trabajo consistió en 

verificar la presencia de Eugenia involucrata en Uruguay y evaluar la diversidad morfológica que presenta en el área de 

distribución más austral para la especie. Se exploró el área de la cuenca del río Cuareim, se colectaron muestras de 

herbario en flor de las poblaciones identificadas y muestras de frutos para el análisis de la diversidad morfológica. Se 

obtuvieron medidas descriptivas y se realizó análisis estadístico multivariado para 7 variables de hojas, 19 de flores y 7 

de frutos. Los resultados revelan baja variabilidad interpoblacional para el límite austral de su distribución, pero con 

algunas características particulares que las diferencian con los reportes para el resto del área, tanto a nivel morfológico 

como fenológico. Las poblaciones identificadas muestran un escenario promisorio para el éxito reproductivo y el flujo 

génico en el área, al mismo tiempo que representa un recurso fitogenético nativo con características particulares para 

incorporar a sistemas de producción frutícola. 

Palabras clave: biodiversidad, bosques nativos, flora, frutos nativos, recursos fitogenéticos 

 

Mapeamento de populações e variabilidade morfológica de Eugenia 
involucrata (Myrtaceae, Myrteae) no Uruguai 

Resumo 

Eugenia involucrata DC. (Myrtaceae, Myrteae), cereja-do-mato, cerejeira, é uma espécie subtropical que habita Argenti-

na, Brasil, Bolívia, Paraguai e Uruguai. As coletas uruguaias são escassas; os registros florísticos indicam uma ocorrên-

cia esporádica, e ela foi categorizada como uma espécie prioritária para a conservação devido à sua rara presença. 

Possui frutos carnosos comestíveis com excelentes propriedades organolépticas e nutracêuticas, que a posicionaram 

como uma espécie frutífera nativa com alto potencial em programas frutícolas da região. O objetivo deste estudo foi 

verificar a presença de Eugenia involucrata no Uruguai e avaliar a variabilidade morfológica que apresenta na área de 

distribuição mais austral da espécie. A área da bacia do Rio Cuareim foi explorada, exemplares de herbário em flor e 

amostras de frutos foram coletadas nas populações identificadas para a análise da diversidade morfológica. Medidas 

descritivas foram obtidas, e análise estatística multivariada foi realizada para sete variáveis de folhas, 19 de flores e 

sete de frutos. Os resultados revelaram uma baixa variabilidade interpopulacional no limite sul da sua distribuição, mas 

com algumas características morfológicas e dados fenológicos que diferem dos registros para a restante área de distri-

buição. As populações identificadas apresentam um cenário promissor para o sucesso reprodutivo da espécie e o fluxo 

gênico na área, ao mesmo tempo em que representam um recurso fitogenético com características interessantes para a 

sua incorporação em sistemas de produção de frutíferas nativas. 

Palavras-chave: biodiversidade, florestas nativas, flora, frutíferas nativas, recursos fitogenéticos

 
 

1. Introduction 

Among the 313 woody species that comprise the flora of Uruguay, Myrtaceae ranks second after Legumi-

nosae, when considering both tree and shrub species(1). Native Myrtaceae are represented by 26 species of 

both growth habits(1), which are characterized by the production of fleshy, usually edible fruits, that typically 

retain remnants of the calyx at maturity. Within this family, the genus Eugenia P. Micheli ex L. is the second 
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most species-rich genus among tree species worldwide(2), with ca. 1100 species(3) distributed from Mexico to 

Uruguay(3)(4). Eight species were initially reported for Uruguay(5)(6), but the number increased to ten after Hex-

achlamys was included in the synonymy of Eugenia(4)(7). 

Eugenia involucrata DC., commonly known as cereza de monte or cerejeira, is a subtropical species(8) that 

naturally occurs in South America, specifically in Argentina, Brazil, Bolivia, Paraguay, and Uruguay (9)(10)(11). In 

floristic treatments for Uruguay, it is reported for the gallery forests along the Cuareim and Uruguay rivers in 

the departments of Artigas, Salto, and Paysandú(5)(12). However, Legrand notes that it is a sporadic species, 

almost always found in a “sterile” state (lacking flowers or fruits). Records of collections in national herbaria are 

extremely scarce and primarily date back to the early 20th century, with no specimens at MVHC, only two at 

MVFQ, one of them cultivated and the another without locality, four specimens at MVJB, five at MVM (two of 

which are duplicates of MVJB), and only one at MVFA herbarium. The specimens were collected on the 

shores of Cuareim river and Zapallo and Queguay island of Uruguay river. All of these lack reproductive struc-

tures, only one specimen from MVM includes fruits, though it is missing date and locality information. The lim-

ited records of this species in Uruguay have led to its presence being labeled as uncertain within the flora (6). 

According to the IUCN Red List(13), E. involucrata is categorized as of “Least Concern,” since it has a wide 

distribution in its natural area and the absence of evidence indicating current or future risks that could threaten 

it. On the other hand, Marchesi and others(14) argue that it is a priority species for conservation in Uruguay, 

given its rarity in the country, and its restricted geographical distribution. 

Eugenia involucrata is reported as either a shrub(12) or a small tree(5), reaching heights of 3 to 5 meters(10). It 

has smooth, deciduous bark that ranges from brown to greenish. The leaves have petioles of 3-10 mm long, 

blades are 3.5-8×1.2-3 cm, elliptic-lanceolate to oblong leaves, with membranous to chartaceous consistency 

depending on their maturity. Flowers are subtended by small and early-deciduous bracts and prominent and 

persistent leafy bracteoles 10-15 mm long (highly variable in width), ovate to cordate. The sepals are 8-

12×2.5-4 mm, oblong, remaining erect in the mature fruit. Fruits are berries, 1-1.5 cm long, oblong, oval, or 

ellipsoid, turning red to purplish-violet when ripe(9)(10)(12). Morphometric studies carried out by Bünger and oth-

ers(11) on 700 Brazilian accessions found that the species exhibits high morphological variability in its wide 

distribution in Brazil, occurring in diverse environments ranging from the coastal regions in the Atlantic Forest 

to gallery forests in the Cerrado. This wide distribution is also associated with significant phenological varia-

tion, with flowering periods ranging from August to November and fruiting from November to December(9)(10). 

Eugenia involucrata has been identified as possessing medicinal and nutraceutical qualities across various 

plant organs, leading to its prominence in numerous research projects in recent years. Its leaves, seeds, and 

fruits contain high levels of phenolic compounds with significant antioxidant, antimicrobial, antifungal, anti-

tumor, and anti-inflammatory activities(15)(16)(17)(18)(19)(20)(21)(22). The favorable qualities of its fruits for fresh con-

sumption and industrial use have established it as an interesting native fruit tree on a regional le-

vel(8)(23)(24)(25)(26)(27)(28). Evidence suggests that E. involucrata was part of the diet of the Guaraní indigenous 

people in the Misiones forests(29), and it remains a subject of study as a native fruit tree in various institutions 

in the region(8)(23)(26)(27)(30). In Uruguay, the species has been incorporated into the Native Fruit Tree Selection 

Program, conducted by the Facultad de Agronomía (Fagro), the Instituto Nacional de Investigación Agropec-

uaria (INIA), and the Ministerio de Ganadería Agricultura y Pesca (MGAP). In the Program’s introduction gar-

dens, materials under agronomic evaluation(28) have been obtained from exchanges with local residents and 

producers who cultivate the species as an ornamental and/or fruit curiosity. However, materials directly 

sourced from wild populations are lacking. To obtain these materials, it is crucial to identify areas where wild 

plants grow, understand the characteristics of their populations, and determine their occurrence in Uruguayan 

territory. 
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Our objectives are to identify wild populations of Eugenia involucrata in Uruguay and assess the morphological 

variability within the species’ southernmost distribution area. These results will contribute to determining the 

conservation status of the species in Uruguay and enhance local understanding of the morphological and phe-

nological variability of these wild populations. This knowledge will be integrated into the agronomic evaluation 

gardens of the Native Fruit Tree Selection Program with commercial potential. 

 

2. Materials and Methods   

2.1 Mapping of Populations and Sample Collection 

The potential occurrence sites of Eugenia involucrata in Uruguay were identified based on information gath-

ered from local community members, prior collection records from national herbaria, and photointerpretation of 

the Cuareim river’s margins, along with its tributaries, the Tres Cruces and Cuaró streams in Artigas Depart-

ment in northern Uruguay. Of the six visited sites –La Palma, Paso de la Cruz, Pay Paso, Cuareim Tres Cru-

ces, Tres Cruces, and Cuaró–, populations of the species were found at the first five locations (Table 1). Geo-

location of the collected plants was accomplished using open-source geographic information system QGIS(31). 

Flowering periods were monitored, and in October 2020, flowering herbarium specimens (n > 20) were collect-

ed for morphometric analysis of vegetative and floral traits in three populations. Fruit development was moni-

tored in the same populations, and in November 2021, fruits were collected for morphometric analysis. In La 

Palma population, fruits were collected from two sub-areas, La Palma East and West. Since the wild trees of 

the species are very tall, the woody stems were manually shaken to make the fruits fall onto a cloth spread on 

the ground. From the fallen fruits, the ripe ones were selected for further measurements. In October 2021, 

flowering samples were also collected in two new populations, although with a n < 20 due to the limited num-

ber of flowering plants present (Table 1). Herbarium vouchers from all populations were deposited at MVFA 

herbarium. Herbarium acronyms follow Thiers(32). 

Table 1. Collection data from Uruguayan populations of Eugenia involucrata 

   Flowering  Fructification   

Population Id 
 

Year  
Number  
of plants 

 
Year 

Number  
of plants  

Number  
of fruits 

 Voucher number 
(MVFA) 

La Palma East LPe  2020 22  2021 12 333  Pereira 4 

La Palma West LPo  2020   2021 8 222  Giagnacovo 4 

Paso de la Cruz PdC  2020 21  2021 13 304  Speroni 1056 

Pay Paso PyP  2020 22  2021 10 234  Speroni 1060 

Cuareim Tres Cruces CmT  2021 6      Giagnacovo 2 

Tres Cruces TsC  2021 10      Pereira 1 

 
 
2.2 Analysis of morphological variability 

Vegetative variability was assessed using seven leaf traits (Table 2). Five leaves per plant were scanned at 

600 dpi using an Epson Expression 10000XL scanner adapted for herbarium specimens. Measurements were 

then extracted from the images using the open-source vector graphics editor, Inkscape (https://inkscape.org). 

For the 19 floral variables (Table 2), up to five flowers per plant were selected, preferably in the anthesis 

stage, rehydrated in boiling water for one minute, arranged on a millimeter grid, and photographed for meas-

urement. Linear measurements were calibrated using the millimeter grid, angles were measured using 

Inkscape, and ovary diameter and height were measured using a digital caliper (Precision measuring 0-

150 mm ± 0.02 mm). For both leaf and floral traits, estimates followed the methods described by Ellis and 

others(33). For fruit morphological variability, up to 30 ripe and undamaged fruits per plant were selected, and 

about:blank
about:blank
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seven variables were measured (Table 2). Linear dimensions were obtained using a digital caliper, while fruit 

and seed mass were determined with an Ohaus Scout SPX123 precision scale (0-120 g ± 0.001 g). The pulp 

proportion was estimated as the difference between fruit and seed mass. 

Descriptive statistics were calculated for all the variables analyzed, including mean, standard deviation, coeffi-

cient of variation, minimum and maximum values, both for the entire set of sites and for each of the five identi-

fied populations. Box plots were generated using means and standard deviations for each variable, catego-

rized by population. Analysis of variance (ANOVA) was conducted on the variables listed in Table 2 to com-

pare the effect of the three populations with 20 or more flowering specimens collected, with a significance level 

of 5% (α = 0.05). Type III sum of squares were used to account for the imbalance among populations. ANOVA 

assumptions were addressed with diagnostic plots and through statistical test. To check residuals normality 

Shapiro-Wilk test and QQ plot were performed. Variables that did not meet the normality assumption were log-

transformed for analysis, and results were back-transformed for presentation. Homoscedasticity was held through 

Levene test and residual versus fitted values plot. In case of a significant result, mean comparisons were per-

formed using Tukey's test. Letters indicating significant differences among populations were added to boxplot.  

A multivariate statistical analysis was conducted for the vegetative, floral and fruit variables. A correlation ma-

trix was generated using the Pearson correlation coefficient to establish the linear association between the 

measurements of each variable type. Correlations were classified as strong (≥ 0.7), moderate (0.3 to 0.7), and 

weak (≤ 0.3). From the correlation matrix, measurements for inclusion in the principal component analysis 

(PCA) were selected, avoiding those with strong correlations to facilitate clearer graphical representation in the 

Bi-plot. All statistical analyses were conducted using R statistical software(34), using packages “agricolae”(35), 

“car”(36), “dplyr”(37), “emmeans”(38), “factoextra”(39), “FactoMineR”(40), “GGally”(41) and “ggplot2”(42). 

Table 2. Abbreviations used for the morphological variables of leaves, flowers and fruits analyzed in wild populations of 

Eugenia involucrata in Uruguay  

Vegetative variables  Reproductive variables 

Leaf measurements  Flower measurements  Fruit measurements 

petiole length PL  pedicel length PeL 
sepal length-width 
ratio 

SeLW  

maximum calyx 
length 
 

KL 

leaf length LL 
 

bracteole length BrL petal length PtL 
 

fruit height FH 

maximum leaf width 
 

LW 
 maximum 

bracteole width 
BrW 

maximum petal 
width 

PtW 
 maximum fruit 

diameter 
Fd 

distance from 
maximum width to 
leaf base 
 

DLW 

 

distance from 
maximum width to 
bracteole base  

DBrW 
distance from 
maximum width to 
petal base 

DPtW 

 

fruit weight  Fw 

leaf base angle 
 

LBA 
 bracteole apex 

angle 
BrAA 

petal length-width 
ratio  

PtLW 
 fruit pulp 

proportion 
Fpp 

leaf apex angle 
 

LAA 
 

bracteole base 
angle 

BrBA 
stamen whorls 
number  

SWN 
 

Seed number SdN 

leaf length-width 
ratio 

LLW 
 

sepal length SeL style height StH 
 

Seed weight Sdw 

  

 
maximum sepal 
width 
 

SeW ovary height OvH 

 

  

  

 
distance from 
maximum width to 
sepal base 

DSeW ovary diameter Ovd 

 

  

  
 

    
 

  

  
 

sepal apex angle SeAA   
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3. Results  

3.1 Localization of Wild Populations 

Among the six sites explored in the Cuareim river area, five contained wild populations of Eugenia involucrata 

(Figure 1), each with more than 50 plants and an estimated height range of five to nine meters. The distribu-

tion of these populations was not uniform across the surveyed area but occurred in discontinuous patches 

(Figure 1). The flowering period during both years of study was recorded in the second half of October, while 

fruiting occurred in the first half of November. The number of samples collected during flowering and for fruit 

analysis in each period is shown in Table 1. 

 

Figure 1. Localization of wild population of Eugenia involucrata in Uruguay 

A) places visited in Cuareim river basin (red dots); B) Pay Paso population (PyP); C) Paso de la Cruz population (PdC); D) La Palma 

population (LP); E) Cuareim Tres Cruces population (CmT); F) Tres Cruces population (TsC). Red dots with numbers represent the 

plants identified in each population. Satellite imagery from Orthoimages 2017-2018 provided by IDEuy(43), and processed and 

visualized using QGIS 3.28(31). 
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3.2 Vegetative Variables 

The variability of the seven vegetative characters analyzed, as expressed by the coefficient of variation, did 

not exceed 23% when considering all populations collectively (Table 3). The vegetative measurement with the 

greatest variation was petiole length, while the leaf length-width ratio exhibited the least variation (14%). This 

ratio is associated with leaf length, maximum leaf width, and the distance from maximum width to leaf base, all of 

which displayed similar coefficients of variation (18%, 20%, and 19%, respectively) and are indicative of leaf shape. 

Table 3. Mean, median, standard deviation (SD), coefficient of variation (CV%), minimum and maximum values of the 

leaf variables analyzed in Uruguayan wild populations of Eugenia involucrata 

Variable n Mean Median SD Minimum Maximum CV (%) 

PL (mm) 411 4.10 4.07 0.96 1.73 7.19 23 

LL (mm) 411 59.34 58.92 10.73 33.88 88.72 18 

LW (mm) 411 20.14 19.99 3.98 10.33 33.54 20 

DLW (mm) 411 33.72 33.17 6.53 18.05 59.96 19 

LBA (°) 411 45.79 44.94 7.20 27.13 67.81 16 

LAA (°) 411 56.54 55.98 8.90 35.32 86.30 16 

LLW 411 2.98 2.96 0.41 2.01 4.35 14 

DLW, distance from maximum width to leaf base; LAA, leaf apex angle; LBA, leaf base angle; LL, leaf length; LLW, leaf length-width 

ratio; LW, maximum leaf width; PL, petiole length. 

Leaf shape was elliptical in 79% of the samples analyzed across all populations, with the remaining samples 

exhibiting obovate shape (Figure 2). The base was acute in all samples, and the apex was also acute in near-

ly all (99.5%). The emarginate condition observed at a low frequency in the apex (0.5%) appears to be due to 

a growth anomaly rather than a natural morphological trait. 

 

Figure 2. Leaf morphologies present in wild populations of Eugenia involucrata in Uruguay 

A, obovate leaf; B, elliptical leaf; C, acute apex angle. 
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The mean and standard deviations of the vegetative variables were similar across populations (Figure 3). 

However, petiole length in the Paso de la Cruz population was significantly smaller than in the other popula-

tions. This difference emerged when comparing only those populations with more than 20 specimens analyzed. 

 

 

Figure 3. Mean and standard deviations for the seven leaf variables analyzed in five wild populations of Eugenia 

involucrata in Uruguay (CmT, Cuareim Tres Cruces; LP, La Palma; PdC, Paso de la Cruz; PyP, Pay Paso; TsC, Tres 

Cruces) Comparison of means was performed only for those populations with more than 20 plant specimens. Different 

letters indicate significant differences (p < 0.05) among them. 

DLW, distance from maximum width to leaf base; LAA, leaf apex angle; LBA, leaf base angle; LL, leaf length; LLW, leaf length-width 

ratio; LW, maximum leaf width; PL, petiole length. 

 

Correlation analysis of vegetative variables (see Figure S1 in the Supplementary material) revealed a strong 

positive correlation between leaf length and width (r=0.715) and between the distance from maximum width to 

leaf base (r=0.937). A moderate positive correlation between maximum leaf width and the distance from max-

imum width to leaf base (r=0.694), as well as between both leaf angles (r=0.634). Additionally, a strong nega-

tive correlation was found between the leaf length-width ratio and both the leaf base angle (r=-0.788) and apex 

angle (r=-0.869). These findings, along with the aforementioned positive correlations, further support the ellip-

tical shape of the leaf. 

In the principal component analysis (PCA), components 1 and 2 explain 77.3% of the variability related to peti-

ole length, leaf length, and leaf base and apex angles (Figure 4). The clustering of petiole length and leaf 

length suggests a positive correlation between these variables, similar to the relationship observed between 

the leaf apex and base angles. The distance of these variables from the origin indicates a strong representa-

tion when reducing the dimensionality to two components. In this analysis, the studied plants are generally 
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distributed evenly across the four quadrants, though some populations, such as Paso de la Cruz, tend to clus-

ter in the lower quadrants. 

 

Figure 4.  Biplot resulting from principal component analysis (PCA) for four of the seven vegetative variables analyzed in 

wild populations of Eugenia involucrata in Uruguay (CmT, Cuareim Tres Cruces; LP, La Palma; PdC, Paso de la Cruz; 

PyP, Pay Paso; TsC, Tres Cruces) 

LAA, leaf apex angle; LBA, leaf base angle; LL, leaf length; PL, petiole length. 

 

3.3 Floral Variables 

The distance from the maximum width to the sepal base showed a coefficient of variation of 151% (Table 4), 

which can be attributed to the bimodal distribution of this variable, reflecting the variation in sepal base shape. 

Some sepals exhibited their maximum width at the base (truncated base), while others had it further from the 

base. The variability of the remaining 18 floral characters analyzed did not exceed 34% across all populations 

(Table 4). The highest variability was observed in pedicel length, followed by maximum bracteole width and 

ovary height, both with a coefficient of variation of 33%. The lowest variation was found in the androecium, 

specifically in the number of stamen whorls (11%). 

The bracteoles accompanying the flower were obovate in 99% of the samples analyzed and elliptical in the 

remaining 1% (Figure 5). The base was cordate in 93% of the observations, with obtuse and acute angles 

appearing at lower frequencies (6 and 1%, respectively). The apex angle was acute in 73% of the samples, 

followed by obtuse (26%), and slightly emarginate in just 1% of the cases. Regarding the morphology of the 

calyx and corolla, the sepals were ovate in 70% of the material, featuring a wide, truncated base and an acute 

apex (Figure 5). The petals were elliptical in 74% of the cases, followed by ovate (21%) and obovate (5%). 
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Table 4. Mean, median, standard deviation (SD), coefficient of variation (CV%), minimum and maximum values of the 19 

floral variables analyzed for five wild populations of Eugenia involucrata in Uruguay 

Variable n Mean Median SD Minimum Maximum CV (%) 

Pedicel length        

PeL (mm) 397 23.39 23.00 8.05 2.78 46.50 34 

Bracteole        

BrL (mm) 396 12.26 12.00 3.06 2.00 21.00 25 

BrW (mm) 396 9.30 9.50 1.98 1.10 16.00 21 

DBrW (mm) 396 3.57 3.50 1.18 0.00 9.50 33 

BrBA (°) 386 229.01 235.08 36.45 77.05 296.68 16 

BrAA (°) 388 80.96 79.25 20.68 37.08 242.86 26 

Calyx        

SeL (mm) 396 12.16 12.00 2.01 6.50 19.00 17 

SeW (mm) 396 5.10 5.00 0.78 3.00 10.50 15 

DSeW (mm) 396 1.60 0.00 2.43 0.00 9.00 151 

SeLW 396 2.42 2.40 0.46 0.95 4.25 19 

SeAA (°) 386 49.71 49.00 10.42 27.00 86.34 21 

Corolla        

PtL (mm) 295 9.84 10.00 2.17 4.00 18.00 22 

PtW (mm) 294 8.16 8.00 1.50 4.00 17.00 18 

DPtW (mm) 294 4.54 5.00 1.22 0.00 9.00 27 

PtLW 294 1.22 1.17 0.28 0.56 2.57 23 

Androecium        

SWN 391 5.65 6.00 0.63 4.00 7.00 11 

Gynoecium        

StH (mm) 348 8.97 9.00 1.69 3.00 13.00 19 

Ovd (mm) 392 2.34 2.17 0.73 1.00 6.87 31 

OvH (mm) 393 3.20 3.00 1.06 1.24 10.98 33 

BrAA, bracteole apex; BrBA, bracteole base angle; BrL, bracteole length; BrW, maximum bracteole width; DBrW, distance from 

maximum width to bracteole base; DPtW, distance from maximum width to petal base; DSeW, distance from maximum width to 

sepal base; Ovd, ovary diameter; OvH, ovary height; PeL, pedicel length; PtL, petal length; PtW, maximum petal width; PtLW, petal 

length-width ratio; SeAA, sepal apex angle; SeL, sepal length; SeLW, sepal length-width ratio; SeW, maximum sepal width; StH, 

style height; SWN, stamen whorls number. 

 
 

 

Figure 5. Floral parts of wild populations of Eugenia involucrata in Uruguay 

A, bracteole; B, sepal; C, petal; D, gynoecium 
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When comparing the means of floral variables among populations with more than 20 specimens analyzed, 

only five variables exhibited significant differences (Figure 6.) and the remaining 14 did not (see Figure S2 in 

the Supplementary material). The maximum sepal width was significantly smaller in the Paso de la Cruz popu-

lation. Conversely, the maximum petal width was significantly larger in the La Palma population, and the petal 

length-width ratio was significantly smaller in this population. Additionally, the ovary diameter and height were 

significantly smaller in the Paso de la Cruz population, which also showed less variability in these measure-

ments. 

With the exception of the petal length-width ratio, the La Palma population displayed opposite trends to those 

observed in the Paso de la Cruz population. In contrast, there were no significant differences between the 

Paso de la Cruz and Pay Paso populations for most of the measured variables, except for ovary height. 

 

Figure 6. Mean and standard deviations for the five floral variables that showed significant differences between wild 

populations of Eugenia involucrata in Uruguay (CmT, Cuareim Tres Cruces; Lp, La Palma; PdC, Paso de la Cruz; PyP, 

Pay Paso; TsC, Tres Cruces) 

Comparison of means was performed only for those populations with more than 20 plant specimens. Different letters indicate 

significant differences (p < 0.05) among them. PtW, maximum petal width; PtLW, petal length-width ratio; Ovd, ovary diameter; OvH, 

ovary height; SeW, maximum sepal width. 

 

The correlation analysis of floral variables revealed 153 potential correlations, of which 53 were statistically 

significant (see Figure S3 in the Supplementary material). Among these, the petal length and the distance 

from maximum width to the petal base exhibited a strong correlation (r=0.732), which is closely associated with 

the frequently observed elliptical shape. Of the remaining correlations, 34 were moderate and 21 were weak. 

In the PCA (Figure 7), components 1 and 2 account for 38.2% of the total variability. Variables with low coeffi-

cients of variation, such as the number of stamen whorls, and the distance from maximum width to petal base, 

which is highly correlated with petal length and included in the PCA, were excluded from this analysis. Similar 

to the vegetative variables, the specimens do not exhibit clear distribution patterns in the quadrants. However, 

plants from the Tres Cruces population are predominantly located in the right quadrants, indicating that this 

population has the highest values for bracteole and sepal length, and the lowest values for bracteole and sepal 

apical angles. 





Giagnacovo A, Pereira JL, Trujillo C, Berberian N, Borges A, Bonifacino M, Speroni G 

 

 

Agrociencia Uruguay 2025;29(NE3):e1555 13 
 

 

Figure 8. Fruit morphologies present in wild populations of Eugenia involucrata in Uruguay 

A, cylindrical; B, obovoid; C, spherical. 

 

Table 6. Absolute and relative frequency of seed number per fruit in Uruguayan wild populations of Eugenia involucrata 

Number of seeds Absolute frequency Relative frequency (%) 

0 2 0.18 

1 417 38.15 

2 381 34.86 

3 178 16.29 

4 76 6.95 

5 29 2.65 

6 9 0.82 

7 1 0.09 

 

When comparing the means of the seven fruit variables among populations with more than 20 specimens ana-

lyzed (including eastern and western areas of the La Palma population), five variables showed significant dif-

ferences in their means (Figure 9). Specifically, the Paso de la Cruz population exhibited significantly larger 

fruit size, including greater weight, height, and diameter, as well as higher fruit pulp proportion. Conversely, the 

sepal length was significantly smaller in this population. No significant differences were found between popula-

tions for the number or weight of seeds. For most variables (fruit weight, fruit height, fruit diameter, and calyx 

length), the Paso de la Cruz population exhibited a pattern opposite to that observed in the Pay Paso population. 

In the correlation analysis of the fruit variables, 21 potential correlations were obtained, 13 of which were sig-

nificant and ranged from strong to moderate (see Figure S4 in the Supplementary material). Five correlations 

were strong, including those between the fruit diameter and height, fruit diameter and weight, fruit weight and 

height, fruit weight and seed weight, and seed weight and fruit height. Of the eight moderate correlations, five 

were positive: seed weight correlated positively with fruit diameter and number of seeds, and fruit pulp propor-

tion correlated positively with fruit weight, diameter, and height. The remaining three moderate correlations 

were negative, notably the one between fruit pulp proportion and seed number. 

In the PCA (Figure 10), components 1 and 2 account for 75.93% of the variability. The fruit height variable 

was excluded from this analysis due to its high correlation with maximum fruit diameter and weight, which are 

included in the PCA. Similar to other variables, the fruit variables do not show clear distribution patterns in the 

quadrants. However, most observations in the Pay Paso population are located in the right quadrants (positive 

values of PC1), indicating higher values for the calyx length that persists in the mature fruit and lower values 

for fruit diameter, weight, and seed weight. Conversely, observations from the Paso de la Cruz population 

show an opposite pattern. 
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Figure 9. Mean and standard deviations for the seven fruit variables analyzed in four wild populations of Eugenia involu-

crata in Uruguay (LPe, La Palma east; LPw, La Palma west; PdC, Paso de la Cruz; PyP, Pay Paso) 

Different letters indicate significant differences (p< 0.05) among them. Fd, maximum fruit diameter; FH, fruit height; Fpp, fruit pulp 

proportion; Fw, fruit weight; KL, maximum calyx length; SdN, seed number; Sdw, seed weight. 

 

 

Figure 10.  Biplot resulting from principal component analysis (PCA) for six of seven fruit variables analyzed in wild 

populations of Eugenia involucrata in Uruguay (LPe, La Palma east; LPw, La Palma west; PdC, Paso de la Cruz; PyP, 

Pay Paso) 

Fd, maximum fruit diameter; Fpp, fruit pulp proportion; Fw, fruit weight; KL, maximum calyx length; SdN, seed number; Sdw, seed 

weight. 
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4. Discussion 

This study confirms the presence of wild populations of Eugenia involucrata in the explored area along the 

Cuareim river and its tributaries. Across its extensive distribution in South America, E. involucrata thrives in 

diverse forest types, showcasing high adaptability. In Brazil, it is found in semideciduous forests of the Atlantic 

Rainforest from Rio Grande do Sul to Bahia, in Araucaria forests in Paraná(44), in the Cerrado Domain forests 

of Goiás, Mato Grosso, Minas Gerais, and São Paulo, and in the Espinhaço Range forests of Bahia (11). In Ar-

gentina, it is prominent in the Misiones Forest(29), and the hygrophilous forests of northern Corrientes province(45).  

In Uruguay, natural populations occur in floodplain forests of broadleaved trees(46), which are periodically 

flooded by the overflow of the Cuareim river and its tributaries. The main tributaries, namely the Tres Cruces, 

Cuaró, and Yucutujá streams, are characterized by their torrential flows and dense vegetation (47). Although the 

Tres Cruces and Cuaró streams were explored in the study, wild populations of E. involucrata were identified 

only along the Tres Cruces stream. This observation underscores the need for further sampling to better un-

derstand the species’ distribution in the region. 

The identified populations distribution exhibit an aggregated distribution along the watercourses rather than a 

continuous one(48), consistent with observations in the seasonal forests of Santa Maria, Rio Grande do Sul 

(Brazil), by Tonetto and others(49). These findings conclusively confirm the presence of wild populations of E. 

involucrata in Uruguay. 

The distribution of Eugenia involucrata is closely linked to the Río de la Plata basin through the Uruguay river. 

The presence of plants on the Queguay and Zapallo islands aligns with its capacity for extensive dispersion 

via river currents. Although occurrences on these islands are infrequent(12)(50), they reflect similar dispersal 

patterns observed in other woody species from the Paranaense flora carried by the Uruguay river(5). Systemat-

ic expeditions are essential to assess the status of these island populations, including their size, genetic varia-

bility, and reproductive potential. Furthermore, it is crucial to confirm the presence of wild populations in the 

departments of Salto and Paysandú, where distribution records exist, but with no support from herbarium col-

lections. Earlier reports for the species in these areas may have originated from ambiguous or repeated infor-

mation in Legrand’s work(12) on the distribution of Myrtaceae in Uruguay. Legrand assigns E. involucrata to 

Zone I of the Uruguay river, encompassing Artigas, Salto, Paysandú, and Río Negro, but describes the spe-

cies as scarce, citing collections only from Artigas and Paysandú, based on the same herbarium specimens 

analyzed in this study. 

The phenological data collected over two years reveal a shorter flowering-to-fruiting period for Eugenia involu-

crata in this study area compared to other regions of its distribution. In the area between 30°14'-30°17' south 

latitude and 57°08'-57°25' west longitude analyzed in this study, flowering occurred in the second half of Oc-

tober in both years. This timing contrasts with reports from other regions: July to August in the ombrophilous 

forest of Paraná(25), early September in the Araucaria forests of Paraná(51), September to November in Santa 

Catarina(9), September in Rio Grande do Sul(49), and August to November in Argentina(10). In this study, fruiting 

occurred 20 to 30 days after flowering, in November. By contrast, in Paraná and Santa Catarina, fruiting oc-

curs 45 to 60 days after flowering(9)(25)(51). While regional studies have identified Eugenia involucrata as one of 

the earliest fruiting species in Myrtaceae(25)(26), our findings suggest an even shorter flowering-to-fruiting inter-

val. This difference may be associated with the climatic conditions prevailing at the southern limit of the spe-

cies distribution. 

The height of the trees in the identified populations surpasses the previously reported local maximum of five 

meters(5)(10)(12) and approaches the lower ranges reported for the flora of Santa Catarina by Legrand and 

Klein(9). The studied morphological variables generally showed low interpopulation variability. Mean leaf di-
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mensions, including petiole length and leaf size, fall within the ranges described for the species (9)(10)(12), except 

in the Paso de la Cruz population, which displayed significantly shorter petioles. Leaf shape was consistently 

elliptical across all populations, differing from the broader range of forms described for the species (9)(10)(12) and 

the pronounced morphological variability noted by Bünger and others(11) in Brazil. Similarly, the leaf texture 

was uniformly chartaceous, consistent with southeastern Brazilian populations, and diverged from the coria-

ceous texture reported in northwestern Brazil(11). This variation reflects Eugenia involucrata’s wide geographic 

distribution and the environmental heterogeneity associated with it(52). 

The flowers of Eugenia involucrata in the study area featured conspicuous bracteoles, ovate with a cordate 

base, which were larger in length and width than averages reported elsewhere(9)(10)(11)(12). The sepals were 

similarly ovate with a truncate base, aligning with the trend of larger floral structures in the region. However, a 

detailed comparison of petal dimensions across different regions is still needed to confirm these observations. 

Among populations, significant differences in floral morphology included larger petals in the La Palma popula-

tion and smaller sepals and ovaries in the Paso de la Cruz population. Despite variations in floral structures 

size, there was no direct correlation with fruit characteristics, as flowers and fruits were collected in different 

years. 

Fruits from the Paso de la Cruz population exhibited significantly greater mass, height, diameter, and pulp 

proportion compared to other populations. Pulp proportion, fruit height and diameter showed the lowest coeffi-

cient of variation, whereas seed mass and fruit mass had the highest variability. This suggests that fruit mass 

is primarily influenced by seed mass, with minimal impact on pulp proportion. The number of seeds ranged 

from one to two, occasionally reaching up to seven, without significant differences between populations. Seed 

mass also remained consistent across populations. Fruit shapes were categorized into three –cylindrical, obo-

void, and spherical–, with no variation in shape observed among populations. 

Geographic variability is a hallmark of species with broad distribution ranges(53). For Eugenia involucrata, 

Bünger and others(11) documented significant gradient in leaf size, shape, consistency, and bracteole size 

across Brazil. However, morphological analyses of the three Uruguayan populations reveal low interpopulation 

variability at the southern edge of the species’ range. Despite this, these populations exhibit distinct morpho-

logical and phenological traits compared to populations in other regions. Understanding these differences is 

essential for assessing the genetic variability of wild populations of this commercially valuable species. This 

knowledge is also critical for evaluating its local conservation status and to implement future conservation and 

management strategies. 

From an agronomic perspective, recognizing the geographic origin and sources of local variability is key (54). 

The fruit variables analyzed in this study reveal several desirable traits for agronomic and commercial purpos-

es, such as favorable fruit size, a high pulp proportion, and a low number of seeds, aligning with consumer 

preferences. Additionally, the presence of diverse fruit shapes offers potential for market differentiation and 

further agronomic evaluation. These insights are vital for maximizing the commercial value of Eugenia involu-

crata and supporting its integration into regional markets. 

In terms of conservation, the Eugenia involucrata populations found in the floodplain forests of broadleaved 

trees along the Cuareim river hold significant conservation value. These forests, which have been barely stud-

ied(1), likely harbour unexplored genetic and ecological variability. The E. involucrata populations in this region 

represent a vital genetic reservoir with unique traits distinguishing them from other populations. While the spe-

cies is also recorded on the islands of the Uruguay river, the Cuareim river populations play a pivotal role in 

preserving genetic variability and ensuring reproductive success. The destruction of these habitats could dis-

rupt gene flow between populations, leading to a loss of the southern genetic variability, critical to the species’ 

resilience and long-term survival. 
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Figure S1. Correlation matrix for vegetative variables analyzed in wild population of Eugenia involucrata in Uruguay 

(*significant at 5%, **significant at 1%, ***significant at 0.1%) 

DLW, distance from maximum width to leaf base; LAA, leaf apex angle; LBA, leaf base angle; LL, leaf length; LLW, leaf length-width 

ratio; LW, maximum leaf width; PL, petiole length. 
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Figure S3. Correlation matrix for floral variables analyzed in wild population of Eugenia involucrata in Uruguay (*significant at 5%, **significant at 1%, ***significant at 0.1%) 

BrAA, bracteole apex; BrBA, bracteole base angle; BrL, bracteole length; BrW, maximum bracteole width; DBrW, distance from maximum width to bracteole base; DPtW, distance from maximum width 

to petal base; DSeW, distance from maximum width to sepal base; Ovd, ovary diameter; OvH, ovary height; PeL, pedicel length; PtL, petal length; PtW, maximum petal width; PtLW, petal length-width 

ratio; SeAA, sepal apex angle; SeL, sepal length; SeLW, sepal length-width ratio; SeW, maximum sepal width; StH, style height; SWN, stamen whorls number.
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Figure S4. Correlation matrix for fruit variables analyzed in wild population of Eugenia involucrata in Uruguay 

(*significant at 5%, **significant at 1%, ***significant at 0.1%) 

Fd, maximum fruit diameter; FH, fruit height; Fpp, fruit pulp proportion; Fw, fruit weight; KL, maximum calyx length; SdN, seed 

number; Sdw, seed weight. 


